properties of conspecific interaction. However, how DA neurons receive information related 23 to conspecifics is still an open question. In this study, we identified that Superior Colliculus 24 (SC) neurons projecting to the VTA decrease their activity during conspecific interaction. 25
Using optogenetic approaches, we demonstrated that SC -VTA pathway controls orientation 26 towards unfamiliar conspecifics and regulates social interaction while Anterior Cortex (AC) 27
to VTA pathway promotes conspecific interaction without affecting orienting behaviors 28 towards the conspecific. Moreover, we show that contrary to AC pathway, SC projects onto 29 VTA DA neurons that send inputs to dorsolateral striatum (DLS). Photostimulation of VTA 30 to DLS pathway decreases interaction, mimicking SC to VTA stimulation. Our work not only 31 delineates a previously unknown role of SC-VTA-DLS pathway in controlling orienting 32 behavior during conspecific interaction, but also supports the hypothesis that different VTA Introduction 37 38
The term "social interaction" describes interactions with conspecifics, which are highly 39 complex behaviors guided by environmental and internal stimuli. When entering in a novel 40 setting, individuals need to constantly integrate external sensory cues with internal states to 41 properly orient towards conspecifics. These processes prepare the subject to deal with the 42 different situations that a stimulus may evoke 1 . At a biological level, several brain regions are 43 functionally relevant for conspecific interaction. Therefore, to fully understand the 44 complexity of this behavior, the neurocircuitry underlying specific aspects of social 45 interaction needs to be precisely investigated. 46
Because of its role in reward and motivation, the ventral tegmental area (VTA) and dopamine 47 (DA) have long been implicated in affiliative interactions 2,3 . Indeed, DA release peaks upon 48 initial contact with a conspecific and habituates upon subsequent presentation of the same 49 stimulus 3 . More recently, fiber photometry approaches have shown that activity dynamics of 50 VTA to nucleus accumbens (NAc) encode key aspects of social interaction 4 . Interestingly, 51 while stimulation of VTA DA neurons projecting to the NAc (VTA blue-light sensitive ChR2 (AAV-hSyn-ChR2-eYFP or AAV-hSyn-eYFP as control) in the 141 SC followed by optic fiber implantation over the VTA to inhibit or stimulate SC axon 142 terminals ( Fig. 3a-c') . We first placed the mice in a home cage like arena and, after 3 min 143 baseline, we exposed the experimental mouse to an unfamiliar conspecific for 2 min 144 concomitantly or not with photoinhibition or photostimulation. The experiment was then 145 repeated with another unfamiliar conspecific after 3 h delay (counterbalanced), and we 146 compared the total time spent in investigation (time sniffing) between light OFF and light ON 147 epochs ( Fig. 3d) . Interestingly, while photoinhibition of SC -VTA pathway significantly 148 increased investigation time in Jaws-expressing mice without affecting the eYFP-control 149 group (Fig. 3e, f) , photostimulation of this pathway in ChR2-expressing mice decreased time 150 interaction ( Fig. 3g, h) . In order to better dissect the behavioural effects of SC -VTA 151 pathway manipulation, we analyzed detailed aspects of social and non-social behavior 152 sequences during both light OFF and light ON epochs. Although we did not find differences 153 in self-grooming or rearing behavior, photostimulation or photoinhibition elicited opposite 154 changes mainly in "following" behavior between light ON and OFF conditions ( Fig. 3i-p) . 155
156
We next tested whether photoinhibition and photostimulation of SC -VTA pathway interfere 157 with object exploration. Following the same experimental design, we exposed the eYFP-158 control, Jaws-expressing and ChR2-expressing mice to an unfamiliar inanimate object 159 ( Supplementary Fig. 1a ). The analysis of the time spent in exploring the object did not 160 reveal differences between photoinhibition or photostimulation conditions and eYFP-control 161 groups (Supplementary Fig. 1b-c) . These data strongly suggest that SC -VTA pathway 162 plays an important role in conspecific interaction. 
SC to VTA pathway controls orientation 168
Using the free social interaction paradigm described previously, we noticed that the eYFP-169 expressing mice quickly habituate to the stimulus and spend less time investigating the 170 conspecific through the 2 minutes of interaction ( Fig. 4a-b) . We analyzed whether changes in 171 conspecific interaction observed upon SC -VTA manipulations were the consequence of an 172 aberrant initiation of social contact. Thus, we plotted the time course of the time spent 173 investigating the unfamiliar conspecific. Interestingly, Jaws-expressing mice prolonged while 174
ChR2-expressing mice decreased their interaction time over the first 100 seconds when 175 comparing light ON and OFF conditions ( Fig. 4a-b) . These results suggest that social contact 176 initiation is controlled by SC -VTA pathway. 177
When an unfamiliar conspecific is introduced in the environment, the experimental mouse 178 typically stops the ongoing action to re-orient its attention towards the stimulus, right before 179 or while initiating a bout of interaction. To capture this attentional shift during social 180 exposure, we calculated the head orientation (ω) as the angle formed between experimental 181 mouse body center -head vector and unfamiliar conspecific body center (Fig. 4c) . In eYFP-182 control mice, the angle of head orientation follows the interaction time and rapidly increases 183 during the first 100 seconds of the task, revealing reduced orientation towards the unfamiliar 184 conspecific across the session (Fig. 3d, e ). This result reflects an increased attention directed 185 towards the unfamiliar conspecific during the first instants of social interaction. Interestingly, 186 photoinhibition of SC -VTA pathway does not affect orientation towards the social stimulus 187 during the first moments of interaction ( Fig. 4d ) while photostimulation decreases orientation 188 ( Fig. 4e) . Thereby, photoinhibition and photostimulation of SC -VTA pathway altered head 189 orientation compared to light OFF epochs in opposite ways. Furthermore, we observed a 190 significant inversed linear correlation across the session between interaction time and head-191 orientation angle for eYFP-control and Jaws-expressing animals during both light OFF and 192 light ON epochs ( Fig. 4f, g) . These results indicate that head orientation and social contact 193 are tightly related features of social behavior. Interestingly, we observed a loss of correlation 194 between head orientation and social contacts during light ON epochs in ChR2-expressing 195 mice ( Fig. 4g) , reinforcing the idea that a reduction of SC -VTA pathway activity is 196 necessary for appropriate orienting towards social stimuli. Finally, we quantified the 197 proportion of time spent by the experimental stimulus with the head directed towards social 198
Optogenetic manipulation of AC to VTA pathway during conspecific interaction 266
Our data so far indicate that the appropriate orientation towards an unfamiliar conspecific, 267 supported by SC-VTA pathway function, is necessary for social interaction. Once mice enter 268 in contact, the interaction might acquire a positive valence, which is necessary for a 269 protracted social exploration. Thus, it is possible that while SC -VTA pathway contributes to 270 change conspecific interaction through orientation, other inputs might underlie other aspects 271 of social behaviour. AC regions, including insular, orbitofrontal cortexes and prefrontal 272 cortex project to the VTA and altogether form a reinforcing pathway 20 . Because of the 273 different functions encoded by AC and SC, we next asked whether SC -VTA and AC -274 VTA pathways contribute to social orienting and social maintenance, respectively. To test 275 this hypothesis, we injected AAV-hSyn-ChR2-eYFP or AAV-hSyn-eYFP in the AC, 276 followed by optic fibers implantation in the VTA ( Fig. 5a-c') . Then, as in the task described 277 previously, we subsequently exposed the eYFP-control and ChR2-expressing mice to two 278 different unfamiliar conspecifics ( Fig. 5d ). We observed that ChR2-expressing mice 279 increased time interaction during photostimulation of the AC -VTA pathway, while no 280 changes occurred in the eYFP-control group (Fig. 5e-f) . These data indicate that AC -VTA 281 pathway promotes social interaction. To test the specificity of this pathway in sustaining 282 social interaction, relative to the SC -VTA inputs rather involved in social orienting, we 283 compared the proportion of time spent by the experimental animals with head directed 284 towards the conspecific stimuli. Remarkably, we did not observe differences between 285 photostimulation conditions in eYFP-control and ChR2-expressing mice (Fig. 5g) . These 286 results strongly suggest that, contrary to manipulation of SC -VTA pathway, AC -VTA 287 circuit stimulation promotes the maintenance of conspecific interaction without affecting 288 orientation. 289 290 AC -VTA DA -NAc and SC -VTA DA -DLS have different effects on unfamiliar 291
conspecific interaction 292
These data not only indicate that SC -VTA pathway plays a specific role during interaction, 293 but also show that SC -VTA and AC -VTA circuits control different aspects of social 294 behavior. To further explore the complementary roles of SC and AC to VTA pathways, we 295 tested the hypothesis that these regions are targeting anatomically distinct neuronal sub-296 populations in the VTA. Midbrain DA neuron axons innervate the striatum with a gradient 297 distribution of cells projecting to the ventromedial central and dorsolateral striatum 19 . We 298 therefore injected Cholera Toxin Subunit B (CTB)-488 in the Nucleus Accumbens (NAc) and 299 CTB-555 in the dorsolateral part of the striatum (DLS) and we imaged the VTA ( Fig. 6a-d) . 300
As previously reported 21 , we found that VTA neurons projecting to the NAc and to the DLS 301 constitute two non-overlapping neuronal populations ( Fig. 6c-e ). Furthermore, we used 302 optogenetics combined with retrograde tracing to investigate the functional connectivity of 303 the SC -VTA DA -DLS pathway. We injected retrograde AAVrg-FLEX-tdTomato in either 304 DLS or NAc in DAT-Cre mice to label distinct VTA DA projecting neurons. Within the 305 same animals, we injected AAV-hSyn-ChR2-eYFP in the SC to assess biases in input 306 connectivity based on output-specificity. We performed whole cell patch clamp recordings 307 from identified VTA DA projecting neurons ( Fig. 6f ) and found that SC makes functional 308 synapses onto VTA DA neurons projecting to the DLS with 35.71 % of excitatory 309 connections ( Fig. 6g) . However, VTA DA neurons projecting to the NAc are poorly 310 connected with the SC cells ( Fig. 6g) . As a control, we explored another subpopulation of 311 VTA DA neurons projecting to the tail of the striatum (TS), making very few connections 312 with SC neurons as well ( Fig. 6g) . 313 314 Finally, since it has been shown that AC makes monosynaptic inputs onto NAc-projecting 315 VTA DA neurons, we hypothesized that VTA DA -DLS and VTA DA -NAc pathways play 316 different roles during conspecific interaction. Thereby, photostimulation of these pathways 317 would mimic the effects presented previously by stimulating SC -VTA and AC -VTA 318 pathways, respectively. To confirm this hypothesis, we injected Cre-dependent ChR2 319 (AAV5-EF1α-DIO-ChR2-eYFP) or Cre-dependent eYFP (AAV5-Ef1α-DIO-eYFP) in DAT-320 Cre mice followed by optic fiber implantation over either DLS or NAc ( Fig. 6h- 
i). 321
Experimental mice underwent the same behavioral protocol described previously ( Fig. 6j) . 322
As expected, photostimulation of VTA DA -NAc pathway in ChR2-expressing mice 323 increased time interaction between conspecifics while no changes were observed in eYFP-324 control group (Fig. 6k-l and n) 4 . Remarkably, photostimulation of VTA DA -DLS in ChR2-325 expressing mice decreases time sniffing the unfamiliar conspecific ( Fig. 6m-n The present study examines the role of the SC -VTA pathway for unfamiliar conspecific 334 interaction. We parsed the involvement of two different VTA pathways in distinct, but not 335 mutually exclusive, components of social interaction: while SC -VTA pathway encodes 336 orientation towards an unfamiliar conspecific, AC -VTA circuit regulates the maintenance 337 of social interaction. 338
339
Interaction between conspecific consists of distinct, but subsequent and complementary, 340 components. At first, an individual detects the presence of other conspecifics and then 341 estimates the valence of a hypothetical interaction to make decisions on whether to initiate 342 the contacts. After the first interaction, an individual updates the neuronal representation of 343 the value associated with that interaction to guide its subsequent decisions 22 to or -not-to 344 maintain that social contact. The mesolimbic system has been previously linked to social 345 interaction and several studies strengthened the hypothesis that DA neurons of the VTA play Here, we demonstrated, for the first time, the importance of the SC in social contexts. In fact, 366 our data show that SC -VTA pathway is activated during exploration of a novel environment 367 and silenced when an unfamiliar social stimulus is introduced in the arena. Perturbing the 368 physiological activity pattern of this pathway affects orientation and, consequently, social 369 interaction. Thus, the activity of SC -VTA pathway is tightly tuned to environmental stimuli 370 to heighten attention and favor orientation. 371
372
Midbrain DA neurons are located in two neighboring nuclei: the Substantia Nigra (SN) and 373 the VTA 29 from where they project diffusely throughout the brain. Canonically, DA neurons 374 are involved in reward-based learning, yet some studies observed that a subpopulation is 375 activated by aversive stimuli 30,31,32 . These findings have led to the hypothesis that these DA 376 neurons may signal "incentive salience" and facilitate a behavioural response when a salient 377 stimulus is detected 33, 21 . Interestingly, it has been shown that short latency phasic responses 378 can be elicited in DA neurons by unexpected rewards or by conditioned stimuli that predict 379 the reward 34, 33, 35 . In this regard, different studies have shown that the midbrain SC directly 380 projects to midbrain DA neurons and can relay reward-predictive sensory information to 381 them 11,36 . In our study, we prove that SC projects to a subpopulation of VTA DA neurons 382 that sends outputs to the DLS, thus pointing at the DA neurons as a relay node between the 383 SC and the striatum. Interestingly, the looped circuit connecting the SC to the basal ganglia 384 may be a "candidate mechanisms to perform the pre-attentive selections required to 385 determine whether gaze should be shifted, and if so, to which stimulus" 16 . Our data therefore 386 propose that, in the context of unfamiliar conspecific interaction, signals from the SC to the 387 VTA DA neurons trigger orientation towards salient stimuli to favor interaction. 388 389 Social behavior involves a sequence of different actions: from interruption of the ongoing 390 behavior, stimulus evaluation, decision-making and further exploration. In particular, social 391 motivation is characterized by preferential orientation towards social stimuli, evaluation of 392 the rewarding properties of conspecific interaction and effort to maintain social bonds 23 . 393
Social motivation deficits play a central role in Autism Spectrum Disorders (ASDs), a 394 neuropathology characterized by major social behavior alterations. Although evidence 395 suggests that VTA is central to social deficits in ASD patients 37 , the origins of these deficits 396 are still largely unknown. Interestingly, one of the core diagnostic criteria for ASD includes 397 decrease eye-contact 38 and eye-tracking experiments have shown an impairment in 398 orientation towards social stimuli in ASD patients 39 . Here, we propose that intact 399 functionality of the SC -VTA DA -DLS pathway may be fundamental for orientation 400 towards conspecifics and deficits in this pathway may be upstream to social motivation 401 dysfunctions in ASD patients. 402
403
In conclusion our data strongly suggest while SC -VTA DA -DLS pathway encodes 404 orientation towards an unfamiliar conspecific, AC -VTA DA -NAc circuit function regulates 405 the maintenance of social interaction. Elucidating the brain circuits underlying conspecific 406 interaction is therefore essential, not only to understand how social behavior occurs, but also 407 to comprehend the aberrant neural mechanisms underlying social deficits in psychiatric 408 Acknowledgments: we are grateful to Lorena Jourdain for the technical support. We thank 504
Manuel Mameli for the constructive comment on the manuscript and the entire Bellone lab 505 for discussion. stimulation is assigned to one chamber while the other is not associated with any stimulation. 817
The mice are free to explore the apparatus during 10 mins. 
Stereotaxic injection 842
rAAV5-hSyn-hChR2(H134R)-eYFP, rAAV5-hSyn-Jaws-KGC-GFP-ER2 or rAAV5-hSyn-843 eYFP were injected in WT mice at 4 -7 weeks. Mice were anesthetized with a mixture of 844 oxygen (1 L/min) and isoflurane 3% (Baxter AG, Vienna, Austria) and placed in a 845 stereotactic frame (Angle One; Leica, Germany). The skin was shaved, locally anesthetized 846 with 40-50 µL lidocaine 0.5% and disinfected. The animals were placed in a stereotactic 847 frame and bilateral craniotomy was made over the Superior Colliculus (SC) at the following 848 stereotactic coordinates: ML ± 0.8 mm, AP -3.4 mm, DV −1.5 mm from Bregma, for a total 849 volume of 500 nL for each side. For the Anterior Cortex (AC), bilateral injections were 850 performed, at 4 different sites, at the following coordinates: ML ± 2.2 mm, AP +2.1 mm, DV 851 −2.1 mm from Bregma, 300 nL each side, and ML ± 0.3 mm, AP +1.95 mm, DV −2.1 mm, 852
200 nL each side. The virus was injected via a glass micropipette (Drummond Scientific 853
Company, Broomall, PA). Injections sites were confirmed post hoc by immunostaining on 854 SC. The virus was incubated for 3 -4 weeks and subsequently mice were implanted with 855 optic fibers above the VTA. The animals were anesthetized, placed in a stereotactic frame, 856 the skin was shaved and a unilateral craniotomy was performed as previously described. The 857 optic fiber was implanted with a 10° angle at the following coordinates: ML ± 0.9 mm, AP 858 −3.2 mm, DV −3.95 ± 0.05 mm from Bregma above the VTA and fixed to the skull with 859 dental acrylic. 860
For optogenetic experiments using DAT-Cre mice, the animals were injected with rAAV5-861
Ef1α-DIO-hChR2(H134R)-eYFP or rAAV5-Ef1α-DIO-eYFP in the VTA. The animals were 862 anesthetized, placed in a stereotactic frame, the skin was shaved and bilateral craniotomies 863 were performed as previously described. The virus was incubated for 3 -4 weeks and 864 subsequently mice were implanted with optic fibers above either the Nucleus Accumbens 865 (NAc) with 15° angle at the following coordinates: ML ± 2.0 mm, AP +1.2 mm, DV −4.2 866 mm from Bregma ;or the dorsolateral Striatum (DLS) at the following coordinates: ML ± 2.0 867 mm, AP +1.0 mm, DV −2.5 mm from Bregma. The optic fibers were then fixed using dental 868 acrylic. Optic fibers placement was finally confirmed post-hoc by slicing the brain and taking 869 pictures to the microscope. 870
For ex-vivo electrophysiological recording experiments, injections of retrograde AAVrg-871 pCAG-FLEX-tdTomato-WPRE and rAAV5-hSyn-hChR2(H134R)-eYFP were performed in 872
DAT-Cre mice. The animals were anesthetized, placed in a stereotactic frame, the skin was 873 shaved and bilateral craniotomies were performed as previously described. rAAV5-hSyn-874 hChR2(H134R)-eYFP was first injected in the SC at the same coordinates previously 875 The viruses were incubated 3 -4 weeks before to perform ex-vivo electrophysiological 881 recordings. rAAV5-hSyn-hChR2(H134R)-eYFP was also injected in the SC in WT mice as 882 described above at the same coordinates. 883
For anatomical validation experiments, bilateral injections of rAAV5-hSyn-eYFP in the SC 884 were performed as described above. The virus was incubated 3 -4 weeks before 885 immunostaining procedures. CAV-2 Cre and rAAV5-hSyn-DIO-mCherry were injected in 886 WT mice. The mice underwent the same surgical procedure, as described above, and the 887 CAV-2 Cre was bilaterally injected in the VTA at the following coordinates: ML ± 0.5 mm, 888 AP −3.2 mm, DV −4.20 ± 0.05 mm from Bregma, 500 nL each side. Then the rAAV5-hSyn-889 DIO-mCherry was bilaterally injected in the SC at the same coordinates described previously. 890
The viruses were incubated 3 -4 weeks prior immunostaining experiments. in the VTA (see coordinates above) and AAV1/2-hSyn-FLEX-GCaMP6f-WPRE-SV40 was 898 injected in the SC (see coordinates above) in WT mice at 4 -7 weeks. As described above, 899 animals were anesthetized the skin was shaved and bilateral craniotomy was performed over 900 the VTA and the SC. The viruses were incubated 3 -4 weeks prior immunostaining 901 experiments. 902 3 weeks after, a 0.5 mm diameter GRIN snap-in imaging cannula (Model D, Doric lenses 903
Inc., Canada) was implanted above the SC. After anaesthesia and craniotomy, the GRIN lens 904 was slowly lowered in the brain by ~1.35-1.45 mm in DV (AP and ML are the same than the 905 stereotaxic injection) from brain surface and until previously injected GCaMP6f signals were 906 observed using a snap-in fluorescence microscope body (Doric lenses Inc.). After finding a 907 suitable imaging site (~100 µm above the target neuronal population), the GRIN cannula was 908 secured to the skull using cyanoacrylic glue and dental cement. A custom-made head post 909 was also firmly attached to the skull with cyanoacrylic glue and dental cement. All mice were 910 allowed to recover for more than three weeks after surgery and were then habituated to a 911 snap-in fluorescence microscope body (OSFM, Doric lenses Inc., Canada) attachment and in-912 vivo imaging for more than five days before any behavioural experiments. 913 914
Direct interaction 915
An experimental cage similar to the animal's homecage was used for this task. The bedding 916 was replaced after each trial. All eYFP-control, Jaws and ChR2-expressing mice (male 917 protocols were applied or not depending the random assignment to the batch. After 3 mins, a 925 social stimulus (unfamiliar juvenile conspecific sex-matched C57BL/6J, 3 -4 weeks; s1) was 926 introduced in the cage, and the animals were free to interact during 2 mins. The mice were 927 then removed and placed in their respective cages. After 3 hours, the same experimental design was performed and the mice that received the light stimulation or inhibition protocols 929 did not receive it and vice versa. Another unfamiliar conspecific stimulus (s2) was introduced 930 for 2 mins in the cage after the 3 mins of exploration. At the end, all the animals underwent 931 both optical stimulation conditions (light-ON or light-OFF epochs). The same protocol, as 932 described above, was used for the free object interaction task using 2 different unfamiliar 933 inanimate object stimuli (o1 and o2), for eYFP-control, Jaws and ChR2-expressing mice. 934
During the free social interaction task, nonaggressive interaction was scored (experimenter 935 blind to the viral injection and optical protocol) when the experimental mouse initiated the 936 action and when the nose of the animal was oriented towards the conspecific only. The time 937 social interaction was used to calculate the Index Time Social interaction as: 938 _ . During the free object interaction task, the 939 interaction was scored when the nose of the animal was oriented towards the object stimulus. 940
The time object interaction was used to calculate the Index Time Object interaction as: 941 _ . 942
Every session was video-tracked and recorded using Ethovision XT (Noldus, Wageningen, 943 the Netherlands). Using the vector formed by the gravity center and the nose of the 944 experimental mice, it has been possible to manually calculate the head orientation, depending 945 different angles, towards the gravity center of the conspecific stimulus. Since the inanimate 946 object is fixed, the head direction was automatically computed by EthoVision software taking 947 radius angle (defined by a circle of 5 cm around the object). 948
Mice injected with rAAV5-hSyn-eYFP or rAAV5-hSyn-hChR2(H134R)-eYFP in Anterior 949 Cortex (AC) and implanted with optic fiber in the VTA performed the free social interaction 950 task with the same optical stimulation (burst of 8 pulses of 4 msec light at 30 Hz every 5sec; 951 Imetronic, Pessac, France) and behavioral protocols. 952
Likewise, DAT-Cre mice injected with rAAV5-Ef1α-DIO-eYFP or rAAV5-Ef1α-DIO-953 hChR2(H134R)-eYFP in the VTA and implanted with double optic fiber either in the 954 Nucleus Accumbens (VTA DA ::NAc eYFP or VTA DA ::NAc ChR2 ) or dorsolateral Striatum 955 (VTA DA ::DLS eYFP or VTA DA ::DLS ChR2 ) underwent the same protocol of free social 956 interaction task as described above. The behavior was scored and the Index Time Social 957 interaction was calculated as explained previously. 958
The power expected at the tip of the optic fiber was between 8 -12 mW. To this aim the laser 959 power was checked before every experiment and the power at the optic fiber tip was 960 controlled before any implantation. 961
After the task, the animals were sacrificed and the viral infection was verified. If no infection 962 was detected or the optic fiber not in the right area, the mice were excluded from the batch. 963
The apparatus was cleaned using 70% ethanol after each session. 964 965
Direct interaction for in-vivo calcium imaging 966
Mice injected with AAVrg-Ef1α-mCherry-IRES-Cre in the VTA and AAV1/2-hSyn-FLEX-967
GCaMP6f-WPRE-SV40 and implanted with SNAP-in GRIN cannula in the SC performed 968 both the free social interaction task and the object exploration task with monitoring the Ca 2+ 969 dynamics. The first day the experimental mice performed the free social interaction task and 970 the following day the experimental mice performed the object exploration task. The 971 experimental mice were first placed in a cage like-home cage for 5 mins to explore freely the 972 new environment. Subsequently the exploring session, a social stimulus for the free social 973 interaction and a locker (40 mm x 15 mm x 60 mm) for object exploration task was 974 introduced in the cage and the animals were free to interact during 5 mins. At the end, the 975 experimental mouse is placed back in its homecage. The stimulus mouse for the free social 976 interaction, and the object for the free object exploration task are removed from the 977 experimental cage. After the task, the animals were sacrificed and the viral infection was 978 verified. If no infection was detected or the microendoscope not in the right area, the mice 979 were excluded from the batch. The apparatus was cleaned using 70% ethanol after each 980 session. 981 982
Three chamber interaction task 983
The three-chambered social preference test was performed in a rectangular Plexiglas arena 984 (60 × 40 × 22 cm) (Ugo Basile, Varese, Italy) divided into three chambers (each 20 × 40 × 22 985 cm) that communicate by removable doors situated on the walls of the center chamber. One 986
week after optic fiber implantation, eYFP-control and ChR2-expressing mice were randomly 987 assigned to two batches that received the optical stimulation protocol or not (burst of 8 pulses 988 of 4ms light at 30Hz every 5sec; Imetronic, Pessac, France). One to two weeks after, the 989 experimental subjects that underwent first the optogenetic stimulation did not receive any 990 light-stimulation and vice versa, thus performing the task in both conditions. The habituation 991 phase consisted in 10 min of free exploration of the empty arena. The habituation was always 992 done in no-light epoch. Subsequently, the mouse was temporarily kept in the center chamber 993 by closing the removable doors. Two enclosures were placed in the centers of the side 994 chambers. One enclosure was left empty (inanimate object) and the other one contained an 
